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CQMPOSTTIONS 

The present invention relates to in^rovements in 
and relating to magnetic resonance imaging (MRI) and in 
particular to compositions for use as or in the 
preparation of MRI contrast media for imaging of the 
stomach, intestine, liver, bile duct and gall bladder. 

MRI is now well established as a medical diagnostic 
tool. The ability of the technique to generate high 
quality images and to differentiate between soft tissues 
without requiring the patient to be exposed to ionizing 
radiation has contributed to this success. 

Although MRI can be performed without using added 
contrast media, it has been found that substances which 
affect the nuclear spin reequilibration of the nuclei 
(hereinafter the "imaging nuclei" - generally water 
protons in body fluids and tissues) responsible for the 
magnetic resonance (MR) signals from which the images 
are generated may be used to enhance image contrast and, 
accordingly, in recent years, many such materials have 
been suggested as MRI contrast agents. 

The enhanced contrast obtained with the use of 
contrast agents enables particular organs or tissues to 
be visualized more clearly by increasing or by 
decreasing the signal level of the particular organ or 
tissue relative to that of its surroundings. Contrast 
agents raising the signal level of the target site 
relative to that of its surroundings are termed 
"positive" contrast agents whilst those lowering the 
signal level relative to surrotindings are termed 
"negative" contrast agents. 

The majority of materials now being proposed as MRI 
contrast media achieve a contrast effect because they 
contain paramagnetic, superparamagnetic or ferromagnetic 
species . 
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For ferromagnetic and superparamagnetic contrast 
agents, which are negative MRI contrast agents, the 
enhcuiced image contrast derives primarily from the 
reduction in the spin reequilibration parameter known as 
T2 or as the spin-spin relaxation time, a reduction 
arising from the effect on the imaging nuclei of the 
fields generated by the ferromagnetic or 
superparamagnetic particles . 

Paramagnetic contrast agents on the other hand may 
be either positive or negative MRI contrast agents. The 
effect of paramagnetic substances on magnetic resonance 
signal intensities is dependent on many factors, the 
most iir5>ortant of which are the concentration of the 
paramagnetic substance at the imaged site, the nature of 
the paramagnetic substcuxce itself and the pulse sequence 
and magnetic field strength used in the imaging routine. 
Generally, however, paramagnetic contrast agents are 
positive MRI contrast agents at low concentrations where 
their Ti lowering effect dominates and negative MRI 
contrast agents at higher concentrations where their T2 
lowering effect is dominant. In either event, the 
relaxation time reduction results from the effect on the 
imaging nuclei of the magnetic fields generated by the 
paramagnetic centres. 

The use of paramagnetic, ferromagnetic and 
superparamagnetic materials as MRI contrast agents has 
been widely advocated and broad ranges of suitable 
materials have been suggested in the literature. 

An example of a physiologically tolerable 
paramagnetic material known for use as an MRI contrast 
agent is msuiganese ion, which may conveniently be used 
in the form of its salts or chelates. Indeed, even at 
very low i.v. dosages (about 5-10 fimol/kg bodyweight) 
mauiganese has been found to be particularly effective as 
a contrast agent for imaging of the liver. 

However mangauiese, when administered intravenously 
as a contrast agent, may be teratogenic at clinical 
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dosages. Administered intravenously, mcoiganese is also 
knovm to interfere with the normal functioning of the 
heart by replacement of calcium in the calcium pump of 
the heart. 

In order to reduce the direct effect on the heart, 
oral administration has been proposed. This ensxires 
passage of the contrast agent through the liver before 
going to the heart. 

Oral administration of MnCl2 as a liver imaging MR 
contrast agent has been proposed and orally administered 
MnClj has not been found to be teratogenic. However, the 
absorption of MnCl2 through the gut is poor, and as a 
result the dosage required for clinical efficacy is of 
the order of 100-1000 ^mol/kg bodyweight. In the event 
of damage to the gut resulting in increased uptake, such 
a high dosage level still has the potential for causing 
undesired adverse effects, eg. cardiac effects. 

We have now surprisingly found that 
gastrointestinal tract mangeuiese contrast agents 
suitable for imaging of the liver may be produced by the 
incorporation of an uptake promoter capable of enhancing 
manganese transport across the membranes of the g.i. 
tract . 

Compounds which have been found to be suitable for 
use as uptake promoters include reducing compounds 
containing an a-hydroxy ketone group (-C{OH) -CO-) , acids 
containing a- euid/or ^-hydroxy or amino groups, as well 
as vitamin D. 

Thus, viewed from one aspect the present invention 
provides a contrast medium composition comprising a 
physiologically tolerable manganese compound, an uptake 
promoter and a physiologically tolerable carrier or 
excipient, having a manganese concentration of at least 
0 . 3mM or being in a dosage unit form containing at least 
300 /imol manganese, wherein the uptcOce promoter 
comprises a physiologically tolerable reducing compound 
containing an a-hydroxy ketone group, a physiologically 
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tolerable acid containing a- and/or p-hydroxy or amino 
groups, or a salt thereof, and/or vitamin D. 

As used herein, the expression "acid containing a- 
and/or P -hydroxy or amino groups" is intended to include 
aromatic acids containing ortho-hydroxy or ortho-amino 
groups . 

The contrast medium conqposition accoirding to the 
invention may comprise a manganese compound together 
with a mixture of several uptake promoters. 

The manganese cott5>ound, which preferably is soluble 
in gastrointestinal fluid may for example be a chelate 
or a salt, or may be a mixture of different salts and/or 
chelates. Particularly preferred are metal chelates and 
salts in which the manganese is present as Mn(II) rather 
than Mn(III) since the former has a higher magnetic 
moment and thus is more effective as cui MR contrast 
agent . 

Tlie reducing nature of the uptake promoter is 
inqportant since normal uptake of manganese by the gut 
tends to favour Mn(II) rather than Mn(III} . 

Preferred compositions according to the invention 
are those in which the reducing compound further 
contains an oxygen atom in a heterocyclic ring 
structure. 

Particularly preferred as cui uptake promoter in the 
compositions of the invention is ascorbic acid which has 
been found to increase the uptake of manganese in the 
liver about 5- fold cotnpared with oral administration of 
MnCl2 alone. This surprising increase is demonstrated in 
Figure 2 of the acconipanying drawings. Moreover 
ascorbic acid (vitamin C) is particularly preferred as 
an uptake promoter since it is cheap, readily available 
and particularly well tolerated by the body. 

Yet more particularly preferred compositions in 
accordance with the invention are those in which the 
uptake promoter is kojic acid. The dramatic increase in 
the uptake of mangcuiese in the liver following 
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administration of MnClj + kojic acid can be seen from 
Figure 5 of the acconqoanying drawings. 

Exatiples of acids which have been f oiind to be 
particularly effective as uptake promoters in the 
compositions of the invention include carboxylic acids, 
e.g. gluconic and salicyclic acid. The effect of the 
addition of salicylic acid to MnClj on MRI enhancement of 
the liver can be seen in Figure 8 of the accott5>cmying 
drawings, a- euid p- amino acids have also been found to 
be useful as uptake promoters, in particular a-amino 
acids, e.g. glycine, valine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, cysteine and 
methionine, especially arginine, lysine cuxd aspartic 
acid- The effect of addition of various a-amino acids 
to MnCls on MRI enhancement of the liver is shown in 
accompanying Figure 9. 

Other preferred compositions in accordance with the 
invention are those which connprise vitamin D as an 
uptcdce promoter. 

Using the compositions of the invention, the liver 
can be effectively MR imaged with a significant 
reduction in the dosage of manganese otherwise required. 
Thus, for example, a 50% enhancement of the liver can be 
obtained by oral administration of 100 ;imol manganese/kg 
body weight and 1 wraol ascorbic acid/kg. Such a dosage 
results in the same degree of enhancement of the liver 
as 5 fimol Mn(II)/kg body weight (MnClar i.v.) or as 500 
fimol Mn(II)/kg body weight (MnClz, p.o.). 

Figure 1 hereto demonstrates the effect of p.o. 
administration of MnCl2 and ascorbic acid on MR liver 
enhancement compared with p.o. administration of MnCl2 
alone . 

Increase in the ratio of ascorbic acid to MnCla 
results in an increase in the enhancement effect 
obtained. This dose-response relationship can be seen 
from Figure 2 hereto. 

The gradual increase in enhancement of the liver 
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with time following administration of a conposition in 
accordance with the invention enables the dynamics of 
uptake of the contrast agent by the liver to be 
monitored (see for exanqple Figure 2) . This is of 
particular importance in enabling identification of 
areas of healthy tissue and areas of possible tumor 
growth . 

In the coicpositions according to the invention, the 
preferred molar ratio of manganese to uptake promoter is 
from 1:0.2 to 1:50, eg. 1:1 to 1:20, especially 1:3 to 
1:6, particular preferadDly about 1:5. 

The uptcdce promoter may if desired be present in 
whole or in part as the counterion to the manganese 
ions. Thus in one embodiment the composition of the 
invention comprises as both mangsuiese compound and 
uptcdce promoter a manganese salt of a reducing compound 
containing an o-hydroxy ketone group or a manganese salt 
of an acid containing a- and/or hydroxy or amino 
groups, eg. manganese (II) ascorbate or manganese 
salicylate. 

The conpositions according to the invention may be 
used to achieve a so-called "double contrast effect" by 
increasing the signal level from the liver whilst at the 
same time decreasing that from the surrounding tissues, 
in particular from the gut. Such an effect enables yet 
further enhancement of the liver. 

A double contrast effect and margin definition can 
be achieved with the compositions of the invention since 
the resulting manganese ion concentration within the 
g.i. tract will generally be such as to create a signal 
suppressing effect there. In this case, to avoid image 
artefacts resulting from pockets of the gut being 
contrast agent free, it is desirable to incorporate in 
the compositions a viscosity enhancing agent and 
desirably also an osmoactive agent. Examples of 
suitable viscosity enhancers cuid osmoactive agents are 
described in WO 91/01147 and WO 91/01148. 
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In a particularly preferred embodiment, the 
compositions of the invention may be used in combination 
with a second contrast agent having either a positive or 
negative contrast effect. Preferably the compositions 
of the invention are used in combination with a second 
contrast agent having am opposing contrast effect. This 
results in a "double contrast effect" enabling 
visualisation and margin definition of the liver to be 
particularly enhanced. 

As mentioned above, paramagnetic materials such as 
manganese ions may act as either positive or negative 
MRI contrast agents depending upon a number of factors, 
including the concentration of the ions at the imaging 
site and the magnetic field strength used in the imaging 
procedure. At the concentrations of manganese 
contemplated for use in the compositions of the 
invention, the manganese -containing contrast agent will, 
in general, function as a positive contrast agent. The 
second contrast agent is therefore conveniently a 
negative contrast agent and may be any negative MRI 
contrast agent suitable for oral administration. 
However, as indicated above, any MR contrast agent, 
negative or positive, may be used. 

Exattples of negative MRI contrast agents for use in 
combination with the compositions of the invention 
include known ferromagnetic and superparamagnetic 
species, such as for example magnetic iron oxide 
particles either free or enclosed within or bound to a 
non-magnetic matrix material such as a polysaccharide 
eg. LUMIREM and sulphonated polystyrene eg. ABDOSCAN®. 

Further examples of contrast agents for use in 
combination with the compositions of the invention 
include Gd and Dy ions bound to a polymeric matrix, for 
example LUMIREM or GADOLITE (Gadolinium alumina silicate 
oral suspension) . 

When using the conpositions of the invention to 
achieve a double contrast effect, it is particularly 
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preferable to incorporate a viscosity enhancing agent 
which attains its full viscosity enhancing effect only 
after administration of the contrast medixim. The 
contrast medium is thus able to be ingested in a 
relatively tolerable form while yet developing the 
desired viscosity at or during passage towards the site 
which is to be imaged. 

The coiqpositions of the invention are particularly 
suited to use, if required after dispersion in aqueous 
media, for imaging of the liver. For such a purpose the 
coiipositions may be administered into the 
gastrointestinal tract orally, rectally or via a stomach 
tube. 

Thus, viewed from a further aspect the present 
invention provides a method of generating a magnetic 
resonsmce image of a human or non-human, preferedsly 
mammalian, euiimal body which method comprises 
administering into the gastrointestinal tract of a said 
body a contrast medium comprising a physiologically 
tolerable manganese compound and a physiologically 
tolerable reducing compound containing an a-hydroxy 
ketone group or a physiologically tolerable acid 
containing a- and/or P- hydroxy or amino groups, or a 
salt thereof, and/or vitamin D, and generating a 
magnetic resoneince image of the liver and the gastro- 
intestinal tract of said body. 

Viewed from a yet further aspect the invention also 
provides a method of generating a magnetic resonance 
image of a human or non-human animal body, which method 
comprises administering into the gastrointestinal tract 
of a said body an effective amount of a composition 
comprising: (a) a first contrast agent comprising a 
physiologically tolerable mangsuiese confound, a 
physiologically tolerable reducing coTr5)ound containing 
an a-hydroxy ketone group or a physiologically tolerable 
acid containing a- and/or p- hydroxy or amino groups, or 
a salt thereof, and/or vitamin D, preferably having a 
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manganese concentration of at least 0.3tnM or being in a 
dosage unit form containing at least 300 /xmol manganese, 
together with (b) a second contrast agent and generating 
a magnetic resonance image of the liver and abdomen of 
said body. 

It is possible to foiroulate the contrast mediiim 
immediately or shortly prior to administration by mixing 
the uptake promoter with the manganese species. Thus, 
in a further aspect the invention also provides an MRI 
contrast agent kit comprising in a first container a 
physiologically tolerable manganese compound, and in a 
second container a physiologically tolerable reducing 
compound containing an a-hydroxy ketone group or a 
physiologically tolerable acid containing a- and/or p- 
hydroxy or amino groups, or a salt thereof, and/or 
vitamin D. 

Viewed from a further aspect the invention also 
provides an MRI contrast agent kit coit5)rising in a first 
container a first contrast agent comprising a 
physiologically tolerable manganese compound, a 
physiologically tolerable reducing cottqpoiind containing 
an a-hydroxy ketone group or a physiologically tolerable 
acid containing a- and/or ^- hydroxy or amino groups, or 
a salt thereof, and/or vitamin D, preferably having a 
maoiganese concentration of at least 0.3mM or being in a 
dosage unit form containing at least 300 /xmol manganese, 
and in a second container a second contrast agent 
conqprising a particulate ferromagnetic or 
superparamagnetic material or Gd or Dy ions bound to a 
polymeric matrix. 

The contrast agent compositions of the invention 
may of course include cotnponents other than the uptake 
promoter, the manganese confound, the viscosity 
enhancing and osmoactive agents, for example 
conventional pharmaceutical formulation aids such as 
wetting agents, buffers, disintegrants, binders, 
fillers, flavouring agents and liquid carrier media such 
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as sterile water, water/ethanol etc. 

For oral administration, the pH of the conposition 
is preferably in the acid range, eg. 2 to 7 and while 
the uptcike promoter may itself serve to yield a 
conposition with this pH, buffers or pH adjusting agents 
may be used. 

The contrast media may be formulated in 
conventional pharmaceutical administration forms, such 
as tablets, capsules, powders, solutions, dispersions, 
syrups, suppositories etc. 

The preferred dosage of the coitposition according 
to the present invention will vary according to a number 
of factors, such as the administration route, the age, 
weight and species of the subject and the particular 
uptoJce promoter used. Conveniently, the dosage of 
mangeuiese will be in the range of from 5 to 500 /£mol/kg 
bodyweight, preferably from 5 to 150 ;imol/kg bodyweight, 
more preferably from 10 to 100 /xmol/kg bodyweight, while 
the dosage of the uptake promoter will be in the range 
of from 5 /xmol to 1 mmol/kg bodyweight, preferably from 
25 /imol to 0.5 mmol/kg bodyweight. 

Preferred embodiments of the invention will now be 
described by reference to the following non- limiting 
Examples and the acconqpanying drawings, in which: 

Figure 1 is a graph illustrating the effect of p.o. 
administration of different Mn^* salts on liver 
enheuicement ; 

Figure 2 is a graph illustrating the effect of p.o. 
administration of MnCl2 + ascorbic acid on liver 
enhancement at varying concentrations of ascorbic acid; 
cmd 

Figure 3 is a graph illustrating the effect of p.o. 
administration of different doses of MnClj containing 0.1 
mmol/kg ascorbic acid on liver enhsmcement . 

Figure 4 is a graph illustrating the effect of the 
addition of ascorbic acid or ascorbic acid-palmitate to 
MnCl2 on enhancement of the liver. 



wo 96/05867 



PCT/GB9SAI1969 



- 11 - 

Figure 5 is a graph illustrating the effect of the 
addition of ascorbic acid or kojic acid to MnClj on 
enhancement of the liver. 

Figure 6 is a graph illustrating the results of a 
pharmacokinetic study to determine the variation in 
concentration of Mn{II) in the blood following 
administration of various Mn (II) -containing 
conqpositions. 

Figure 7 is a graph comparing the effect on liver 
enhancement of i.v. administration of Mn DPDP (S-095) 
with that of p.o. administration of MnCl2 + ascorbic 
acid. 

Figure 8 is a graph illustrating the effect of the 
addition of ascorbic and salicylic acids to MnClj on 
liver enhancement. 

Figure 9 is a graph illustrating the effect of the 
addition of different amino acids to MnClj on liver 
enhsuicement . 

Figure 10 illustrates transversal Tl -weighted (SE 
57/13; 2.4 T) liver images from a control rat and from 
three rats 2 hours after oral administration of 200 
/xmol/kg MnClj + 1000 /xmol/kg ascorbate. The signal 
intensity of the liver is substantially increased after 
gavage administration of Mn^* and ascorbate. 

Figure 11 illustrates coronal Tl-weighted (SB 
90/17; 2.4 T) liver images from two rats 2 hours after 
oral administration of 200 ^mol/kg MnClj + 1000 fimol/kg 
ascorbate. The signal intensity in the gastrointestinal 
lumen is reduced after administration of Mn^*^. 

Figures 12 and 13 are graphs illustrating the 
effect of the addition of ABDOSCAN® to Mn-ascorbate on 
the enhancement of the liver. 

Figure 14 illustrates transversal Tl-weighted (SE 
57/13; 2-4 T) liver images from a control rat and from 
three rats 2 hours after oral administration of 200 
/xmol/kg MnClj + 1000 /xmol/kg ascorbate + ABDOSCAN® (21 
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Atmol/kg Fe) . The addition of ABDOSCAN did not influence 
the signal intensity of the liver. 

Figure 15 illustrates coronal Tl-weighted (SB 
90/17; 2.4 T) liver images from a control rat and from a 
rat 2 hoiirs after oral administration of 200 /imol/kg 
MnCl, + 1000 ;tmol/kg ascorbate -i- ABDOSCAN* (21 /tmol/kg 
Fe) . The signal intensity in the gastrointestinal lumen 
is markedly reduced after co-administration of Mn^^ and 
ABDOSCAN. 

For the measurement of the curves of Figures 1 to 9 
the following materials were used: 



Figure 1 



Mn-aHrnrhahP 

MnCl, X 2B20 
Ascorbic acid 
Water 



ad 



6.48 g 
35.2 g 
1000 ml 



Mn-gluconate 
Water 



ad 



19.2 g 
1000 ml 



Mn-citratP 

MnClz X 2H2O 
Na3-citrate x 2H3O 
Water 



6.48 g 
23.5 g 
ad 1000 ml 



Figure 2 



MnCl, X 2H2O 6.48 g 

Water ad 1000 ml 



MnClf * 0 1 mmol/ka aRcnrhic acid 
MnClj X 2H2O 
Ascorbic acid 



6.48 g 
3.52 g 
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Water 



ad 



1000 ml 



MnClj 0.4 mmol /ka ascorh-ir acid 

MnCla X 2H2O 6.48 g 

Ascorbic acid 14.1 g 

Hater ad 1000 ml 



Mnn J 4. 1 ■ n mmni /ko aRcorbic acid 
MnClj X 2H2O 
Ascorbic acid 
Hater ad 



6.48 g 
35.2 g 
1000 ml 



Figure 3 

MnPI.^ (O .y. mmnl/kg^ -i- ascorbic acid 

MnClj X 2H2O 6.48 g 

Ascorbic acid 3.52 g 

Water ad 1000 ml 

MnPlj 10.^ nmnl/ka^ ■»• ascorbic acid 

MnCla X 2H2O 16.2 g 

Ascorbic acid 3.52 g 

Water ad 1000 ml 

MnCl^ (2 0 mmol/ka) + aecorbir acid 

MnCla X 2H2O 64.8 g 

Ascorbic acid 3.52 g 

Water ad 1000 ml 

Figure 4 



MnClj 



Mncij X 2H2O 
Water 



ad 



13.0 g 
1000 ml 



Mnn J 4- ascorbic arid - palmit-ate (0 .4 mmol/ka) 
L-ascorbic acid 6-palmitate 66.4 g 
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Polyethylene glycol 300 



ad 



1000 ml 



Pimire 5 



Mnri^ -t- kn-iir arid tn A mmnl/lea^ 
MnCl2 X 2H2O 
Kojic acid 

Water ad 



6.48 g 
11.4 g 
1000 ml 



Figure B 



Vlnr.U (0.2 mmol/kq) 

MnClj X 2H2O 
Hater 



ad 



6.48 g 
1000 ml 



MnCl^ (0.2 mmol/kal -i- afip.orbie acid (0.4 mmol/ka) 
MnCl2 X 2H2O 6.48 g 

Ascorbic acid 14.1 g 

Water ad 1000 ml 



MnCl^ fO.2 imnol/ka^ * salicvUr anid fO.4 nnnol/ka^ 



MnCla X 2H2O 

Salicydic acid sodium salt 
Water ad 



6.48 g 
12.8 g 
1000 ml 



Figure 9 



MnPl, (0.2 mnol/ka^ 
MnCl2 X 2H2O 
Water 



ad 



6.48 g 
1000 ml 



MnClf ro.2 mmnl/ka) * ascoriaie acid (0.4 mmol/ka^ 

MnClj X 2H2O 6.48 g 

Ascorbic acid 14.1 g 

Water ad 1000 ml 
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MnCl, X 2H2O 6.48 g 

Glycine 7.76 g 

Water ad 1000 ml 



MnPl, <n 7. iTnnn1/k«p^ * valine (0 .4 mmol/ka) 

6.48 g 
9.36 g 

ad 1000 ml 



MnCl, X 2H3O 
Valine 
Water 



MnCl^ (0 .2 imnol/ka > * alutaminA fn .4 mmnl /lca> 

MnCla X 2H2O 6.48 g 

Glutamine 11 . 7 g 

Water ad 1000 ml 



MnCl, fO.2 trnnol/ko) * agparMn acid fO.4 mmol/kal 

MnClj X 2H2O 6.48 g 

Aspartic acid 13.8 g 

Water ad 1000 ml 

MnCl> (0.2 mmol/ka^ -t- oliihamin acid fQ.4 ironol/ka) 

MnClj X 2H2O 6.48 g 
Glutamic acid monosodium salt 

monohydrate 15 . 0 g 

Water ad 1000 ml 

vmCA^ (n y. tmnr>T/ka\ * Ivaine (0.4 mmol/ka^ 

MnClj X 2H2O 6.48 g 

Lysine monohydrochloride 14.6 g 

Water ad 1000 ml 



MnCl- to 7 nmin1/ka< * arainine fO.4 twmol/ka^ 

MnClj X 2H2O 6.48 g 

Arginine monohydrochloride 16.9 g 

Water ad 1000 ml 
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MnPl^ (0.2 imnol/ka^ -t- nvKh^jn.^ fO.4 inmQl/lca^ 

MnCl, X 2H2O 6.48 g 
Cysteine monohydrochloride 

monohydrate 14 . 0 g 

Water ad 1000 ml 

MnClj 10.7 mmnl/ko^ ♦ methionine (0.4 mmol/ka) 

MnCl, X 2H2O 6.48 g 

Methionine 11.9 g 

Hater ad 1000 ml 



For the measurement of the curves of Figures 12 and 13 
the following materials were used: 



MnClj X 2H2O 
Ascorbic acid 
ABDOSCAN* 

Hater 



ad 



0.567 g 
3.08 g 
23.4 mg Fe 
(one dose -package) 
200 ml 



Example 1 



Oral gomposif-ion 
MnCl, X 2H2O 
Ascorbic acid 
Hater 



ad 



6.48 g 
35.2 g 
1000 ml 



The manganese chloride and ascorbic acid are dissolved 
in sterile deionised water. The dose for a 70 kg adult 
human would be 350 ml, teUcen orally. 



Example 2 



ni-a1 rompositiion 
MnCl, X 2H2O 
Kojic acid 



6.48 g 
11.4 g 
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Water ^ lOOO ml 



The manganese chloride and kojic acid are dissolved in 
sterile deionised water. The dose for a 70 kg adult 
human would be 350 ml, taken orally. 



gxample 3 



Oral gompoeition 



MnCls X 2H2O 13.0 g 

Water ^ 1000 ml 



B. 

L-ascorbic acid 6-palmitate 66.4 g 

Polyethylene glycol 300 ad 1000 ml 

The dose for a 70 kg adult human would be 175 ml of A 
and 175 ml of B, taken orally. 



Example 4 



Oral Comppsition 



MnClj X 2H2O 0.567 g 

Ascorbic acid 3.08 g 

ABDOSCAN^ 23.4 mg Fe 

Water ad 200 ml 



The dose for a 70 kg adult human would be 4 x 200 ml, 
taken orally. 
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Exanyle 5 

Oral CtmnoftitAnn - MnCl^ fQ.2 mmol/ko) ♦ vitamin D 
fO.4 Timol/ka^ 

A. 

MnCl, X 2H2O 
Water ad 



13.0 g 
1000 ml 



B. 

Vitamin D 

Polyethylene glycol 300 



Ad 



30.0 g 
1000 ml 
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Claims 

1. A contrast medium composition conprising a 
physiologically tolerable msuiganese conqpound, an uptcJce 
promoter and a physiologically tolerable carrier or 
excipient, having a manganese concentration of at least 
0.3nM or being in a dosage unit form containing at least 
300 ^mol manganese, wherein the uptedce promoter 
comprises a physiologically tolerable reducing compound 
containing an a-hydroxy ketone group, a physiologically 
tolerable acid containing a- cind/or p -hydroxy or amino 
groups, or a salt thereof, and/ or vitamin D. 

2 . A conqposition as claimed in claim 1 wherein the 
uptake promoter comprises one or more of the compounds 
defined in claim 1. 

3. A composition as claimed in claim 1 or claim 2 
wherein the manganese compound is a chelate or a salt in 
which the manganese is present as Mn(II) . 

4. A composition as claimed in any one of claims 1 to 

3 wherein the reducing compoimd further contains an 
oxygen atom in a heterocyclic ring structure. 

5 • A composition as claimed in any one of claims 1 to 

4 wherein the uptake promoter is ascorbic acid. 

6. A composition as claimed in suiy one of claims 1 to 
4 wherein the uptake promoter is kojic acid. 

7. A composition as claimed in any one of claims 1 to 
3 wherein the acid is gluconic or salicylic acid. 

8. A conposition as claimed in any one of claims 1 to 
3 wherein the acid is an a- or amino acid. 
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9. A composition as claimed in claim 8 wherein the 
acid is glycine, valine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, cysteine or methionine, 

10. A composition as claimed in claim 8 or claim 9 
further comprising vitamin D. 

11. A composition as claimed in any one of claims 1 to 
3 wherein the uptake promoter is vitamin D. 

12. A coitqposition as claimed in any preceding claim 
wherein the molar ratio of manganese to uptedce promoter 
is from 1:0.2 to 1:50. 

13. A conposition as claimed in any preceding claim 
wherein the uptake promoter is present in whole or in 
part as the counterion to the manganese ions. 

14. A method of generating a magnetic resonance image 
of a human or non-human animal body which method 
cotiprises administering into the gastrointestinal tract 
of a said body a contrast medium comprising a 
physiologically tolerable manganese compound and a 
physiologically tolerable reducing coaqpound containing 
an a-hydroxy ketone group or a physiologically tolerable 
acid containing a- and/or p- hydroxy or amino groups, or 
a salt thereof, and/or vitamin D, and generating a 
magnetic resonance image of the liver and sibdomen of 
said body. 

15. An MRI contrast agent kit comprising in a first 
container a physiologically tolerable manganese 
compound, and in a second container a physiologically 
tolerable reducing compound containing an a-hydroxy 
ketone group, or a physiologically tolerable acid 
containing a- and/or p- hydroxy or amino groups, or a 
salt thereof, and/or vitamin D. 
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16. A contrast medium composition comprising: 

(a) a composition as claimed in any one of claims 
1 to 13, together with 

(b) a second contrast agent. 

17. A conposition as claimed in claim 16 wherein the 
second contrast agent has an opposing contrast effect to 
said first contrast agent. 

18. A con?5osition as claimed in claim 16 or claim 17 
wherein the second contrast agent has a negative 
contrast effect. 

19. A composition as claimed in claim 16 or claim 17 
wherein the second contrast agent has a positive 
contrast effect. 

20. A composition as claimed in claim 16 or claim 17 
wherein the second contrast agent coiiprises a 
particulate ferromagnetic or superparamagnetic material. 

21. A composition as claimed in claim 16 or claim 17 
wherein the second contrast agent comprises 6d or D/ 
ions boxind to a polymeric matrix. 

22 . A method of generating a magnetic resonance image 
of a human or non-human cuiimal body, which method 
comprises administering into the gastrointestinal tract 
of a said body an effective amount of a conqposition as 
defined in claim 16 and generating a magnetic resoncuice 
image of the liver and abdomen of said body. 

23. An MRI contrast agent kit comprising in a first 
container a first contrast agent con^rising a 
physiologically tolerable manganese compound, a 
physiologically tolerable reducing compound containing 
an of-hydroxy ketone group or a physiologically tolerable 
acid containing a- and/ov P- hydroxy or amino groups, or 
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a salt thereof, and/or vitamin and in a second 
container a second contrast agent as defined in claim 20 
or claim 21. 
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1. I X I Claims Nosj 

b«ause they rriate to subject mailer not required to be searched by this Authority, namely: 

Renark: Although claims 14, 22 are directed to a treatment/diagnosis of th 

e human/aniaal body, the seach has been carried out, based on the alleged e 
ffects of the compound/conposltlon (Rule 39.1(1v) PCT). 

2. [7] dahns Nos^ 1-4, 12-23 

Jr^^I*l!r.,'!Sl*!LI^l^.r f ^ «««naiionalappliation that do not comply with the prescribed requiremenu to such 
tn extent that no meuiniful miemauoaal search can be cvfied out, tpcdTicaUy: 

In view of the large number of compounds, which are defined by the general definitions of the compounds I 
used in claim(s) 1 -4, 1 2-1 5 and 16-23. the search had to be restricted for economic reasons. The search was limited tol 
the confounds for which pharmacological data was given and / or the compounds mentioned in the claims, and to the f 
general idea undertytng the application (see Guidelines, chapter III. paragraph 2.3). 

3. .| I Claims Nos.: 

because they arc depcndem daims and are not drafted in accordance with the second and third sentences of Rule 6.4(ay. 



Bm II Obsenratiotta where unity of tnmition ib Uckinc (Continuation of item 2 of first sheet) 



This Internaiional Searcfaint Amfaority faimd multipfe jiw—ria— u infrmaTirmal irpHrttitm, it foUowc 

Six different Inventions were stated. For further information please 
see continuation sheet! 



1* Q As aU requiird idditional search fees were timdy ptid by the applicsnt, thb tntcmationti search report covers all 
searchable daims. 

^ CI] As all searchable daims could be searches without effort justifying an additional fee, this Authority did not mvite payment 
of any additional fee. 



whidi fees were 



fees were tundy paid by the applicant, this intemationd search report 
paid, ^vcdlically daims Nos.: 



3.|7]A.«.,«»..fU».»q»ir«. 
covers only those daims for 

Claim groups 1, 2 
and 6 



4- C^ No required additiond search fees were timdy paid by the applicant. Consequently, this intemationd search report is 
restricted to the invention first mentioned in the daims; it is covered by ddms Nos.: 



I I The additiond search fees were aecampuitcd by the appficant's proicsL 



Form PCT.1SA.1I0 rconuauuton of first sheet (1)) <July 1 992) 



PCT/GB95A)1969 



3 NO 



, . • . i A »nri 12-15- a contrast medium composition, in which 
YES Claim 5. and part of claims 1-4 and 121^^^^^^^ and the uptalce promoter ascorbic 
the contrast agent iscontainrngamanga^ese^^^ J preparing the contrast 
acid, its use in magnetic resonance .magmg. and a Kit lo p p 
medium oompo^on. 

, . • i A -nrt 1 2.1 5- a contrast medium composition, in which 
YES Claim 6. and part of claims 1-4 and ^2-15. a ^..^ 
thecontrast agent iscontalnlngamanganese^^^^^ 
its use in magnetic resonance imagmg, and a kit for prepa g 
composition. 

. . 1 ^ »nd 12-15- a contrast medium composition, in which 
Claim 7. and part of claims 1-3 and 12 1 5. a co ^^^^^^^ ^^^^^.^ 

the contrast agent is containing a ^^^^"^^^^^^^ a kit for preparing the 
or salicyUc add. its use in magnetic resonance imaging, an 
contrast medium composition. 

. _ • . ^ anri 12-15- a contrast medium composition, in 
Claims 8-10. and part of claims 1-3 " ^ ^ uptake promoter an 

contrast medium composition. 

. . , -nH 19 IS- a contrast medium composition, in which 
Claim 1 1 . and part of claims 1-3 and 12-1S^a «nt ^^^^^^^ ^.^^.^ ^ 

the contrast agert is containingamangane^^^^^^^^^ 
Its use in magnetic resonance imaging, and a kit for prepan g 
composition. 



4 NO 



5 NO 



FURTHER INFORMATION CONTINUED FROM PCTASA/210 



(ntemacionai Application No. PCT/GB95/ 01969 



PCT/GB95/01969 

The problem underlying the present appiication is, in its broadest from, the provision of safer 
contrast agents for NMR imaging, containing manganese ions. 

As solution to this problem, cBfferent uptake promoters are used. 

The special technical feature, linking these solutions together, is the use of an uptake promoter 
for manganese Ions. 

This use is already known in the prior art Biol. Trace Elenrt Res., 1994, Vol. 41, No. 3, page(8) 
279-94 demonstrates, that both the uptake and the distribution of Mn are affected by dietary 
ascorbate. Although in Proc. Soc. Exp. Biol. Med., 1992, Vol. 199, No. 4, page(5) 470-80. 
asoortMtte is saU not to influence the liver uptake of Mn, it also shows an increased Gver/plasma 
ratio of Mn with increased ascorbate intake (see page 476, left hand column; table II and 
discussion). 

Moreover, several compositions containing both a manganese salt and one of the uptake 
promoters mentioned, have been described before: see e.g. EP-A-524 633 (complex V; examples 
1-4; claims 1 . 7, 27, 34 and 36), US^ 292 729 (see inter aSa example 1 2) and WO-A-87y04622 
(see examples 13, 14 and 26). In the latter document, the complexes are used for delivery to 
specific biological tissue sites. 

For this reason, the special technical feature mentioned above can no longer be accepted as 
technical feature Enking the different inventtons together. Therefore, the present appiication lacks 
unity of invention, containing the folk>wing subjects. 

Since searching this piurafity of different subjects woukl have caused major additional searching 
efforts, initially, a search was performed for the first subject only. 

After payment of 2 (two) further search fees, a search was performed for subjects Nos. 2 and 6. 



W0.A.S704622 U-eS-S; US-J: 48S38SB e5|| 

M't 7838587 25-68-87 

CA-A- 1293444 24-12-91 

nF-A- 3787061 23-0^-^*^ 

Sl.i 3787661 M-U-93 

8662839 l?i'i5 

S-H- 9484141 

«:;:;is;ri is-w-w ~ "^-.j- |30|4|6 

CA-A- 2129338 15-64-93 

III 9686318 26-67-94 

IP-T- 6511244 15-12-94 

S-I. 244569 27-94-95 

S-t 9267522 16-66-93 



